Introduction
============

Chronic obstructive pulmonary disease (COPD) is a common disorder and is currently the third leading cause of death worldwide.[@i2156-9614-9-24-191209-b1] Chronic obstructive pulmonary disease is defined as an inflammatory disease caused mainly by exposure to tobacco and biomass fuel smoke apart from exposure to other noxious particles and gases. The predominant cells of inflammatory response are neutrophils, macrophages and CD8 + lymphocytes.[@i2156-9614-9-24-191209-b2],[@i2156-9614-9-24-191209-b3] Chronic inhalation of cigarette smoke can modulate both innate and adaptive immune responses.[@i2156-9614-9-24-191209-b4] In more severe cases, adaptive response develops in the lungs and is linked with additional activation of IgG-producing B cells. About 20--40% of patients with tobacco smoke-associated COPD (TS-COPD) have eosinophils in induced sputum during acute exacerbations and during clinical stability.[@i2156-9614-9-24-191209-b5] Inflammation is the central feature of stable COPD, causing activation and recruitment of infiltrating inflammatory cells. Identification of the type of cellular inflammation in stable COPD, whether neutrophilic or eosinophilic, helps to explore better management strategies for COPD. Studies have shown that sputum eosinophilia predicts benefit from prednisone in smokers with COPD, short term response to inhaled corticosteroid, prevention of exacerbations of COPD and response to inhaled corticosteroids with long acting β~2~ agonists.[@i2156-9614-9-24-191209-b9]

Cigarette smoke is the major risk factor for COPD in developed countries, while in developing countries (both low- and middle-income) biomass fuel smoke exposure is the main risk factor, especially in women. Three billion people worldwide are exposed to biomass smoke and 90% of the rural population use biomass fuel for cooking, heating and lighting.[@i2156-9614-9-24-191209-b13] Recent quantitative computed tomography of thorax studies in COPD have shown that tobacco smoke-associated COPD (TS-COPD) is more emphysema predominant, while biomass smoke-associated COPD (BMS-COPD) has less emphysema, but similar levels of small airway inflammation.[@i2156-9614-9-24-191209-b14],[@i2156-9614-9-24-191209-b15] Women exposed to biomass fuel smoke have eosinophils in induced sputum, however the sputum cellular inflammatory profile in biomass smoke-associated COPD has been less extensively studied.[@i2156-9614-9-24-191209-b16]

The present study aimed to determine the induced sputum cellular inflammatory profile in patients with TS- and BMS-associated COPD. We hypothesized that BMS-COPD will have significant eosinophilia in induced sputum compared to TS-COPD.

*BMS*

:   Biomass smoke

*COPD*

:   Chronic obstructive pulmonary disease

*FEV~1~*

:   Forced expiratory volume in one second

*TS*

:   Tobacco smoke

Methods
=======

This was a cross-sectional study conducted at the Chest Diseases Hospital of a tertiary care teaching center in Goa, India. The Chest Diseases Hospital is a free, walk-in center for patients suffering from pulmonary diseases. A total of 113 patients were enrolled with stable COPD reporting to the outpatient pulmonary clinic: 85 TS-COPD and 28 BMS-COPD cases. Significant biomass smoke exposure for women occurred while cooking. The tobacco smoke-associated COPD subjects did not report significant exposure to biomass fuel smoke as they did not personally partake in the cooking process. All subjects were ≥ 40 years of age. Chronic obstructive pulmonary disease was diagnosed by the Global Initiative for Chronic Obstructive Lung Disease guidelines with a post-bronchodilator forced expiratory volume in one second (FEV~1~)/forced vital capacity \< 70% in a stable clinical state.[@i2156-9614-9-24-191209-b17] We excluded patients with dual exposure to tobacco and biomass smoke, acute exacerbation of COPD within 4 weeks of enrollment, use of systemic steroids within the last 6 weeks of enrollment and any other respiratory disease, including asthma. The study was approved by the Institutional Ethics Committee of the Goa Medical College, and all participants gave written informed consent.

Spirometry was performed as per American Thoracic Society/European Respiratory Society guidelines.[@i2156-9614-9-24-191209-b18] Respiratory symptoms and risk factors for COPD were evaluated using the Burden of Obstructive Lung Disease core and biomass questionnaire.[@i2156-9614-9-24-191209-b19] Exposure to biomass smoke was reported in hour-years, which is the product of the average daily number of hours the patient spends cooking and the number of years cooking using biomass fuel. The cumulative exposure to tobacco smoke was quantified as pack-years.

Sputum induction and processing
-------------------------------

Sputum was induced by the method described by Pizzichini *et al*.[@i2156-9614-9-24-191209-b20] The standard operating procedure was followed by trained personnel. If post bronchodilator FEV~1~ was \< 800 ml, the subject was nebulized with normal saline (0.9%) and if FEV~1~ was \> 800 ml then hypertonic saline in increasing concentration was used (3%, 4% and 5%). Nebulization was carried out with an ultrasonic nebulizer (Smart Care) with an output set to 0.6--0.8 ml/min. The subject inhaled the mist through the mouthpiece for 5 minutes with tidal breathing. The procedure was stopped when selected sputum weight was \> 0.8 g. Post-saline inhalation spirometry was performed to assess the safety of the procedure. A patient was considered safe to discharge if FEV~1~ was within 90% of baseline pre-bronchodilator FEV~1~. Sputum was collected on ice and processed immediately at 4°C as per standard guidelines. The selected sputum was mixed with 0.1% dithiothreitol in the ratio 1:4, vortexed for 15 seconds and then rocked on a bench rocker for 15 minutes. To stop the effect of dithiothreitol, four times volume of Dulbecco phosphate buffer saline was added and filtered. Proportions of squamous cell, cell viability and total cell count were obtained using the trypan blue exclusion method. The cell pellet was re-suspended in Dulbecco phosphate buffer saline to 0.5×10^6^ cells per ml and cytospun. Slides were stained for differential count and evaluated by an experienced pathologist blinded to patients\' clinical details.

Statistical analysis
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences program (SPSS) version 24 (IBM Corp, SPSS Inc, Chicago, IL). Normality of data was assessed using the Shapiro-Wilk test. Continuous variables are presented either as mean \[standard deviation (SD)\] or as median and interquartile range (IQR) when normality assumptions of the distribution were not satisfied. Categorical variables are presented as percentages. Independent Student\'s t-test, chi-square test and Mann-Whitney U test were applied to study the differences between the two groups. A p value of \< 0.05 was considered to be statistically significant.

Results
=======

Of the 113 subjects, 85 were TS-COPD cases and 28 were BMS-COPD cases, with no significant age difference between the two groups, with a mean age of 64.7 (7.8) and 63.0 years (8.3), respectively; p = 0.32. A total of 18 (21.1%) were female smokers. Most of the participants came from different parts of Goa, had mostly rural backgrounds, came from low- and middle-income groups and belonged to farming communities. Both groups had similar severity of disease; post bronchodilator FEV~1~% was 57.9 (17.1) for TS-COPD cases, and 62.6 (19.4) for BMS-COPD cases (p = 0.22). Bronchodilator responsiveness was noted in 30 (35.2%) of TS-COPD cases, and one (3.5%) of the BMS-COPD cases, p=0.001. Significant eosinophilia (eosinophils ≥3%) 42 (49.4%), 20 (71%), p=0.04 was noted in TS-COPD and BMS-COPD cases, respectively. There was no difference in the Global Initiative for Chronic Obstructive Lung Disease severity of disease and significant eosinophilia; p= 0.09. All subjects provided adequate sputum samples. Baseline patient characteristics are presented in [Table 1](#i2156-9614-9-24-191209-t01){ref-type="table"}, while differential cell count in induced sputum is presented in [Table 2](#i2156-9614-9-24-191209-t02){ref-type="table"}.

###### 

Baseline Characteristics of Chronic Obstructive Pulmonary Disease Patients

                                                  **TS-COPD**   **BMS-COPD**    **P**
  ----------------------------------------------- ------------- --------------- -----------------------------------------
  n                                               85            28              
  Age mean (SD)                                   64.7 (7.8)    63.0 (8.3)      0.32
  Males (n)                                       67            0               
  Females (n)                                     18            28              
  BMI mean (SD)                                   19.1 (3.4)    20.8 (4.2)      0.03^[\*](#nt101){ref-type="table-fn"}^
  Cough (n (%))                                   20 (23.5)     3(10.7)         0.14
  Phlegm (n (%))                                  42 (49.4)     8 (28.5)        0.05
  Wheeze (n (%))                                  61 (71.7)     20 (71.4)       0.97
  Smoking (pack-years) median (IQR)               36 (20, 58)   0               
  Biomass smoke exposure (hour-years) mean (SD)   0             192.4 (61.0)    
  FEV~1~ pre mean (SD)                            1.06 (0.41)   0.805 (0.28)    0.25
  FEV~1~ pre % mean (SD)                          50.7(16.4)    55.2(18.8)      0.23
  FEV~1~ post mean (SD)                           1.21 (0.44)   0.91 (0.28)     0.001
  FEV~1~ post % mean (SD)                         57.9(17.1)    62.6(19.4)      0.22
  FEV~1~/FVC post mean (SD)                       53.6(9.19)    56.25 (10.67)   0.21
  Bronchodilator responsiveness (n (%))           30 (35.2)     1 (3.5)         0.001

Abbreviations: pre, pre bronchodilator; post, post bronchodilator; n, number; FVC, forced vital capacity; IQR, interquartile range, SD, standard deviation

^\*^ Statistically significant

###### 

Differential Cell Count of Induced Sputum in Tobacco Smoke-Associated and Biomass Smoke-Associated---Chronic Obstructive Pulmonary Disease Patients

                                                     **TS-COPD**         **95% CI**   **BMS-COPD**        **95% CI**    **P**
  -------------------------------------------------- ------------------- ------------ ------------------- ------------- --------------------------------------------
  Total cells per gram of sputum × 10^6^ mean (SD)   3.05 (1.53)         (2.7, 3.3)   2.55 (1.37)         (2.0, 3.0)    0.12^[+](#nt201){ref-type="table-fn"}^
  Median (IQR)                                       2.64(1.91, 3.82)    --           2.18 (1.67, 2.89)   --            
  Neutrophils % mean (SD)                            86.4(16.5)          (82, 90)     87.9 (10.2)         (84,91)       0.64^[+](#nt201){ref-type="table-fn"}^
  Median (IQR)                                       91.0 (84.5, 96.1)   --           90.0 (81.7, 95.8)   --            
  Eosinophils % median (IQR)                         2.5 (1, 10)         --           8 (2,12.8)          --            0.07^[++](#nt202){ref-type="table-fn"}^
  Mean (SD)                                          6.73 (9.9)          (4.5, 8.8)   8.30 (7.34)         (5.4, 11)     
  Lymphocytes % median (IQR)                         0 (0, 0.75)         --           0 (0,1)             --            0.13^[++](#nt202){ref-type="table-fn"}^
  Mean (SD)                                          1.34 (5.2)          (0.2, 2.4)   0.98 (1.88)         (0.25, 1.7)   
  Macrophages % median (IQR)                         2.5 (0.75, 5.7)     --           1 (0,4.7)           --            0.13^[++](#nt202){ref-type="table-fn"}^
  Mean (SD)                                          5.47 (11.8)         (2.9, 8.0)   2.71 (3.48)         (1.3, 4.0)    
  Eosinophils ≥3% n(%)                               42 (49.4)           (36, 60)     20 (71)             (53, 89)      0.04^\*[+++](#nt203){ref-type="table-fn"}^

Abbreviations: n, number; CI, confidence interval; IQR, interquartile range, SD, standard deviation

\+ Students t test,

++ Mann Whitney U test,

+++ Chi Square test.

Discussion
==========

We have identified for the first time that patients with BMS-COPD have significant eosinophilia in induced sputum; 71% compared to 49.4% in TS-COPD. Significant eosinophilia is defined as induced sputum eosinophils ≥ 3%, which has clinical significance. Eosinophils are derived from the bone marrow under the influence of granulocyte monocyte colony stimulating factor, interleukin-3 and interleukin-5 and are released into circulation from where they lie in the gastrointestinal tract and thymus. The normal eosinophil count in induced sputum of a healthy non-smoker is \< 1.1%.[@i2156-9614-9-24-191209-b21]

Biomass smoke alters innate immune responses and the three main classes of cell receptors such as the Toll-like receptors, the scavenger receptors and the transient receptor channels, which have the ability to transduce signals initiated after biomass smoke exposure.[@i2156-9614-9-24-191209-b22] After being exposed to dry dung smoke, rats showed increased levels of inflammatory cells in the perivascular, peribronchial and parenchymal region, as well as in the bronchoalveolar lavage fluid.[@i2156-9614-9-24-191209-b23],[@i2156-9614-9-24-191209-b24] A few studies showed increased pulmonary macrophages, neutrophils, eosinophils, lymphocytes, mast cells, interleukin-6, and tumor necrosis factor α in women exposed to biomass smoke compared to other fuels.[@i2156-9614-9-24-191209-b25] Eosinophilic airway inflammation is seen in TS-COPD patients and a count of ≥ 3% is associated with good corticosteroid response in these patients.[@i2156-9614-9-24-191209-b26] We observed significant eosinophilia in BMS-COPD cases. The role of eosinophils in the pathophysiology of TS-COPD is less understood, however there is similar pattern of expression of type 2 mediators in the airway of patients with COPD and asthma.[@i2156-9614-9-24-191209-b30] Similarly, the role of eosinophils in BMS-COPD is less studied. Further research is necessary to understand eosinophilia in BMS-COPD.

The normal neutrophil count in a healthy non-smoker is 40--60%, and both groups showed high total neutrophil count even in a stable state. Neutrophilia and raised total cells per gram in sputum is an indicator of infection and is effectively managed with antibiotics. A study by Bafadhel *et al.* showed that sputum neutrophil percentage correlated with bacteria in patients with TS-COPD.[@i2156-9614-9-24-191209-b31]

Understanding immuno-pathophysiology of BMS-COPD will provide an informed basis for rational drug use in eosinophilic and neutrophilic inflammation. As biomass smoke-associated COPD has eosinophilic inflammation, response to inhaled corticosteroids may be studied using randomized controlled trials. Currently, BMS-COPD and TS-COPD are similarly managed. In addition, as a large number of people living in low- and middle-income countries use biomass fuel and have COPD, identification of significant eosinophilia in such patients may be helpful in disease management.

The present study was limited due to a small sample size. Studies with adequate sample size would highlight the level of eosinophilia in induced sputum, and the role of the eosinophil and therapeutics of inhaled corticosteroids in BMS-COPD. In addition, all BMS-COPD subjects were female as cooking activities are specifically performed by women in India. However, it is unlikely that gender has an effect on the level of eosinophils in COPD, as eosinophil count was raised in both groups, but BMS-COPD showed significant eosinophilia of ≥ 3%.

Conclusions
===========

Biomass smoke-related COPD is associated with significant eosinophilia in induced sputum. Further studies are needed to understand the pathophysiology for informed drug use and reduction of morbidity and mortality associated with this disease.
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